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Received April 3, 2012; accepted July 27, 2012AbstractBackground: Fewer pauses and better chest compression quality are thought to improve overall survival following cardiac arrest. This study
aimed to measure the outcomes of adult nontraumatic out-of-hospital cardiac arrests (OHCAs) treated with 5:1 compressions-to-ventilations
(Thumper 1007) or continuous chest compressions with ventilation (Thumper 1008 CCV) mechanical cardiopulmonary resuscitation (CPR)
within a specified period of time.
Methods: A retrospective observational cohort study of 515 adults with OHCAwas conducted at the emergency department of an urban tertiary
hospital. There were 307 patients in the Thumper 1007 phase (January 2008 to December 2009) and 208 patients in the Thumper 1008 CCV
phase (January 2010 to May 2011). Return of spontaneous circulation (ROSC) and survival to hospital discharge were the primary outcome
measures.
Results: Patients in the Thumper 1007 and Thumper 1008 CCV phases had comparable results with the following exceptions: less hypertension
(42.4% vs. 62.0%), cerebrovascular accidents (11.4% vs. 25.0%), and faster emergency medical service response time intervals (mean, 3.7 vs.
4.5 minutes) with the Thumper 1007. The average ambulance transport time was 6.1 minutes in both phases. The rates of ROSC [35.1% vs.
23.5%; adjusted odds ratio (OR), 1.616; 95% confidence interval (CI), 1.073e2.432] and survival to hospital discharge (10.1% vs. 4.2%;
adjusted OR 2.431; 95% CI, 1.154e5.120) were significantly higher with the Thumper 1008 CCV than with the Thumper 1007. Favorable
neurologic outcome upon discharge, defined as cerebral performance category scores of 1 (good performance) or 2 (moderate disability), was not
significantly different between the two phases [1.6% (5/307) vs. 1.9% (4/208); p ¼ 0.802]. The Thumper 1008 CCV provided significantly faster
average chest compression rates and shorter no-chest compression intervals than the Thumper 1007 after activation.
Conclusion: In an emergency department with short ambulance transport times, continuous chest compressions with ventilation through me-
chanical CPR showed improved outcomes, including ROSC and survival to hospital discharge, in an adult with OHCA. However, there are
a variety of confounding influences that may affect the validity of conclusions that have been drawn.
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Over 300,000 Americans have an out-of-hospital cardiac
arrest (OHCA) each year, and less than 5% of that number are
discharged alive from the hospital.1 The quality ofhinese Medical Association. All rights reserved.
159I-H. Lee et al. / Journal of the Chinese Medical Association 76 (2013) 158e163cardiopulmonary resuscitation (CPR) plays a crucial role in
reducing patient mortality rates. Fewer pauses and better chest
compression quality are thought to improve overall survival
following cardiac arrest.2,3 However, rescuer fatigue can lead
to degradation in compression quality.4 Wik et al have
reported that during OHCA resuscitation, chest compressions
are delivered for only half of the time, and most of these
compressions are too shallow.5 Mechanical automatic devices
can optimize CPR performance by providing standardized
CPR and by conserving human resources to allow the rescuers
to concentrate on advanced life support measures.6,7
The Thumper (Michigan Instruments, Grand Rapids, MI,
USA) is a gas-driven automatic mechanical CPR device6 and
is the only device licensed for use in Taiwan by the regulatory
authority. The Thumper is the best known device that provides
fairly comparable resuscitation to manual CPR.6,8,9 A large,
population-based cohort study demonstrated a continuous
increase in OHCA survival with improvements in the chain of
survival.10 Experimental and clinical data demonstrated that
prompt and forceful chest compressions with minimal in-
terruptions could improve myocardial perfusion and out-
comes.3 The Thumper could maintain constant chest
compression rates for as long as needed and minimize the no-
chest compression intervals after activation.11
Since 1995, the emergency department (ED) of Taipei
Veterans General Hospital has been equipped with a mechan-
ical CPR device (Thumper) for OHCA resuscitation as
a laborsaving device because of ED overcrowding. A new
model, the Thumper 1008 (continuous compressions with
ventilation, CCV) can deliver continuous uninterrupted me-
chanical chest compressions at 100/minute with 9 asynchro-
nous ventilations/minute for advanced airway application.
After cardiac arrest, uninterrupted chest compressions with
restoration of myocardial blood flow may facilitate the resto-
ration of spontaneous circulation.12e15 The change in the
Thumper device from Model 1007 with 5:1 compressions-to-
ventilations to Model 1008 CCV on January 1, 2010 for per-
forming chest compressions in the ED provided an opportunity
to study the clinical outcomes of patients treated before and
after this transition.
The purpose of the present study was to describe the out-
comes in adult nontraumatic OHCA cases treated with either
5:1 compressions-to-ventilations or continuous chest com-
pressions with ventilation mechanical CPR in a limited period.
2. Methods2.1. Study design and settingFrom January 2008 to May 2011, a retrospective observa-
tional cohort study was conducted in the ED of Taipei Vet-
erans General Hospital, a tertiary care medical center located
in Taipei City, Taiwan, with 2700 admission beds and an ED
annual census of approximately 80,000 patients. Taipei City is
covered by a fire-based, two-tiered emergency medical service
(EMS) system.16,17 Upon arrival at the scene of OHCA,
emergency medical technicians (EMTs) routinely start manualCPR and deploy automatic external defibrillators. The EMTs
are not allowed to stop CPR during transport to the hospital.
Taipei City has the highest density of hospitals in Taiwan, with
correspondingly short ambulance transport times.11
The Thumper was set up immediately for all OHCA pa-
tients arriving at the ED. Thumper deployment and definite
airway placement time were usually <30 seconds after arrival.
Before thumper deployment, manual cardiac massage and
bag-valve-mask ventilation were performed during the tran-
sitional period. From January 2008 to December 2009, the
Thumper Model 1007 with 5:1 compressions-to-ventilations
was used. From January 2010 to May 2011, Model 1008
CCV was used. Except for the Thumper mechanical CPR,
other resuscitation protocols were compliant with the
advanced cardiac life support recommendations over the study
periods at the ED. The institutional review board of Taipei
Veterans General Hospital approved the study and waived the
informed consent.2.2. Study populationAdult patients aged 18 years with nontraumatic OHCA of
all rhythm, defined as patients with absent pulse, unrespon-
siveness, and apnea who received either CPR, defibrillation, or
both, were eligible for inclusion. Exclusion criteria were
traumatic cardiac arrest, age <18 years, pregnancy, early re-
turn of spontaneous circulation (ROSC) before ED arrival, and
patients with do-not-resuscitate orders.2.3. Data collectionData were recorded from EMS reports and hospital records
included patient demographic data, initial rhythm recorded by
automatic external defibrillator on arrival, EMS response time
interval, and ambulance transport time interval. Primary out-
come measures were ROSC and survival to hospital discharge,
while secondary outcomes included survival to hospital
admission and cerebral performance category scores on dis-
charge. Variable and outcome definition followed the Utstein
recommendations.18
A commercially-available adult CPR training mannequin
with CPR sensing and recording capabilities (Resusci Anne
SkillReporter; Laerdal, Stravanger, Norway) was used to
assess the Thumper CPR quality. The chest compression count
and length of hands-off periods/minute during use of the
Thumper CPR were also collected.2.4. Statistical analysisContinuous variables are reported as mean  standard de-
viation, or median (range) when appropriate. For categorical
variables, count and percentage were computed. The groups
were compared using the Mann-Whitney U test for numerical
data and the Pearson’s c2-test or Fisher exact test, as appro-
priate, for categorical data. Multiple logistic regression was
used to adjust for relevant covariates and adjusted odds ratios
(ORs), and 95% confidence intervals (CIs) were given for all
Table 1
Patient characteristics in the Thumper 1007 vs. Thumper 1008 CCV phases.
Characteristics Thumper 1007 (n ¼ 307) Thumper 1008 CCV (n ¼ 208) p
Age, mean (SD), y 74.6 (14.9) 73.3 (15.0) 0.351
Male, n (%) 195 (63.5) 132 (63.5) 1.000
Major co-morbidity, n (%)
Congestive heart failure 91 (29.6) 54 (26.0) 0.417
Hypertension 131 (42.7) 129 (62.0) <0.001
Diabetes mellitus 82 (26.7) 58 (27.9) 0.847
Cerebrovascular accident 35 (11.4) 52 (25.0) <0.001
Chronic renal failure 21 (6.8) 26 (12.5) 0.042
Malignancy 38 (12.4) 32 (15.4) 0.398
Arrest location, n (%)
Residence 267 (87.0) 182 (87.5) 0.967
Other 40 (13.0) 26 (12.5)
Witnessed 43 (14.0) 31 (14.9) 0.875
Bystander CPR, n (%) 47 (15.3) 35 (16.8) 0.735
Initial rhythm, n (%)
Shockable 30 (9.8) 25 (12.0) 0.506
Nonshockable 277 (90.2) 183 (88.0)
EMS response time interval, mean (SD), min 3.7 (2.0) 4.5 (2.4) 0.001
Ambulance transport interval, mean (SD), min 6.1 (3.6) 6.1 (3.5) 0.731
CPR ¼ cardiopulmonary resuscitation; EMS ¼ emergency medical service; SD ¼ standard deviation.
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software. A two-tailed p < 0.05 was considered significant.
3. Results
There were 515 adult nontraumatic OHCA patients treated
at the institution during the study period, including 307 in the
Thumper 1007 phase and 208 in the Thumper 1008 CCV
phase. Based on their characteristics, there were no significant
differences in age, sex, arrest location, witnessed arrest,
bystander CPR, initial rhythm, and ambulance transport in-
terval (Table 1). Patients in the Thumper 1007 phase were less
likely to have comorbidities of hypertension (42.4% vs.
62.0%, p < 0.001) and cerebrovascular accident (11.4% vs.
25.0%, p < 0.001). There were faster EMS response time
intervals (mean difference, 48 seconds) during the Thumper
1007 phase. To adjust for group differences, major comor-
bidities and EMS response time were incorporated into the
logistic regression models. The average ambulance transport
time was 6.1 minutes in both phases.Table 2
Comparison of outcomes in the Thumper 1007 and Thumper 1008 CCV phases.
Thumper 1007 (n ¼ 307) Thump
ROSC, n (%) 72 (23.5) 73 (35
Survival to hospital admission, n (%) 71 (23.1) 67 (32
Survival to hospital discharge, n (%) 13 (4.2) 21 (10
Neurologic outcome at discharge, n
CPC 1 or 2 5 (1.6) 4 (1.
CPC 3 or 4 7 (2.3) 16 (7.
CPC 5 295 (96.1) 188 (90
Adjusted for differences in major comorbidity and EMS response time intervals.
CI ¼ confidence interval; CPC ¼ cerebral performance category; OR ¼ odds ratiClinical outcomes in the Thumper 1007 and Thumper 1008
CCV phases were compared (Table 2). After adjustment for
differences in major comorbidities and EMS response time
intervals, rates of ROSC (35.1% vs. 23.5%; adjusted OR
1.616; 95% CI 1.073e2.432) and survival to hospital dis-
charge (10.1% vs. 4.2%; adjusted OR 2.431, 95% CI:
1.154e5.120) were significantly higher with the Thumper
1008 CCV than with the Thumper 1007. Favorable neurologic
outcome at discharge, defined as cerebral performance cat-
egory scores of 1 (good performance) or 2 (moderate dis-
ability), was not significantly different between the two phases
[1.6% (5/307) vs. 1.9% (4/208); p ¼ 0.802]. The ROSC,
survival to hospital admission, and survival to hospital dis-
charge rates in 4-month intervals are shown in Fig. 1.
In the simulated mannequin model, the total number of
chest compressions over time in the Thumper 1007 and
Thumper 1008 CCV models were determined (Fig. 2).
Thumper 1008 CCV showed a significantly faster average
chest compression rate (100/minute vs. 70/minute, p < 0.001)
than the Thumper 1007 after activation. The proportion of no-er 1008 CCV (n ¼ 208) OR (95% CI)
Unadjusted Adjusted
.1) 1.765 (1.197e2.602) 1.616 (1.073e2.432)
.2) 1.579 (1.065e2.341) 1.464 (0.966e2.217)




o; ROSC ¼ return of spontaneous circulation.
Fig. 1. Return of spontaneous circulation (ROSC), survival to hospital
admission, and survival to hospital discharge for Thumper 1007 and Thumper
1008 CCV phases stratified by 4-month intervals.
Fig. 2. Total number of chest compressions/minute in the Thumper 1007 and
Thumper 1008 CCV models after Thumper activation.
Fig. 3. Average hands-off period in the Thumper 1007 and Thumper 1008
CCV models after Thumper activation.
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significantly shorter than in the Thumper 1007 (0% vs. 35%,
p < 0.001; Fig. 3).
4. Discussion
The present study demonstrates improved survival outcome
in adult nontraumatic OHCA cases in a metropolitan ED with
short ambulance transport time after using a new model
Thumper CPR with continuous uninterrupted chest compres-
sions and asynchronous ventilations. In randomized studies on
pigs, there were significantly better coronary perfusionpressure, PaO2, global ventilation/perfusion values, and 24-
hour neurologic outcome with continuous chest compressions
compared to standard CPR.12,14 Meta-analysis from three
randomized clinical trials provide evidence that dispatcher-
assisted chest compression-only bystander CPR is associated
with improved survival rates in adult patients after OHCA
compared to standard CPR.15 To date, this study is the first to
evaluate different Thumper models during actual OHCA ef-
forts. The results are consistent with previous reports that
uninterrupted chest compressions with restoration of myo-
cardial blood flow may facilitate ROSC after cardiac
arrest.12e15,19
The establishment of adequate cerebral circulation as
quickly as possible after cardiac arrest is mandatory for good
neurologic outcome. The survey of Survivors of OHCA in the
Kanto Region of Japan study reveals that compression-only
CPR may be the preferable approach to resuscitation for
adult patients with witnessed OHCA, especially those with
shockable heart rhythm or who underwent short periods of
untreated arrest due to what appears to be a better neurologic
prognosis.19 Other studies support the “cardiocerebral resus-
citation” strategy, which focuses on compression-only CPR in
the initial phase of resuscitation.20 However, favorable neu-
rologic outcome at discharge is not significantly different be-
tween the two phases in the current study. However, less
162 I-H. Lee et al. / Journal of the Chinese Medical Association 76 (2013) 158e163shockable rhythm and poor lay rescuer bystander CPR in the
study population may be two major contributory factors that
impact patient neurologic outcome.
The present study explored the effect of different Thumper
CPR used in the ED setting for OHCA resuscitation. However,
resuscitation in the ED is considered a relatively late phase of
OHCA treatment. Axelsson et al have suggested that me-
chanical chest compressions be started at an earlier stage if the
device is placed in the first responding tier.21 However,
a resuscitation strategy using an automated chest compression
device during EMS care shows conflicting results compared to
manual CPR.22,23 Additionally, the Thumper may require
considerable time to deploy in the prehospital environment,
which may cause a substantial interval where no chest com-
pression are applied.11
The average ambulance transport time was 6.1 minutes in
both phases of this study. After EMS activation, all enrolled
patients received high quality manual CPR by qualified EMS
personnel prior to ED arrival. Evidence from animal experi-
ments and observational human studies have highlighted the
preferable role of uninterrupted chest compressions in early
bystander-initiated resuscitation of OHCA.12,19,24 The results
show that while utilizing assisted ventilation, continuous chest
compressions are superior to interrupted chest compressions
for OHCA resuscitation even in an ED setting.
Chest compression rate and depth are not assessed in most
human observational studies of OHCA resuscitaton.19,24 Ob-
servations of rescue personnel indicate that maintaining con-
sistent compressions is a difficult task.25 Chest compressions
often do not achieve guideline recommendations with regard
to depth, rate, and hands-off time.5 Mechanical chest com-
pression potentially overcomes operator fatigue and slow
rates, as well as inadequate depth of compression. The
Thumper used in this study can maintain constant chest
compression rates for as long as needed and can also minimize
the no-chest compression intervals after activation.11 These
results arise from the fact that, after Thumper activation, there
will be rigorous assurance of CPR quality.
This study has several limitations. First, data were collected
via retrospective chart review and some clinical presentations
or records may not have been documented completely. Sec-
ond, although the mechanical CPR device decreased pauses
once installed, the prolonged no-flow time early in resuscita-
tion due to deployment may negate any benefit the device
provided in the prehospital environment and ED setting.11,26
Use of the Thumper device has been adopted in the ED for
OHCA resuscitation since 1995, and the ED personnel are all
well-trained for rapid application; Thumper deployment is
usually <30 seconds. In addition, all patients in this study
received Thumper for chest compression during CPR. No-flow
time during Thumper deployment might exist in both study
phases. Third, some OHCA treatment and postecardiac-arrest
care protocols were updated in October 2010. An average 14
months may be necessary to implement the new guidelines
into the field practices of EMS agencies.27 No post-
resuscitation hypothermia was used in either study phase.
However, we could not exclude that changes in overalloutcomes might be derived from the improvement in resus-
citation protocol over the study period. Fourth, 30:2
compressions-to-ventilations CPR were recommended by the
2005 American Heart Association guidelines. No conversion
change for Thumper was done in the ED before this upgrade
from the Thumper 1007 to Thumper 1008. Thus, the com-
parison of continuous chest compression with asynchronous
ventilation to 30:2 CPR was not included in this study. Fifth,
we compared the data collected from different periods. Several
confounding factors might exist in this before-and-after
observational study, including the experience of the EMTs in
CPR, change of advanced cardiac life support protocol, and
feasibility of extracorporeal membrane oxygenation.
In conclusion, in an ED with short ambulance transport
time, resuscitation with continuous chest compressions and
asynchronous ventilation mechanical CPR does improve out-
comes, based on ROSC and survival to hospital discharge,
compared with using 5:1 compressions-to-ventilations me-
chanical CPR, in adults with OHCA. However, there are
a variety of confounding influences that may affect the validity
of the conclusions that have been drawn.References
1. Nichol G, Aufderheide TP, Eigel B, Neumar RW, Lurie KG, Bufalino VJ,
et al. Regional systems of care for out-of-hospital cardiac arrest: a policy
statement from the American Heart Association. Circulation
2010;121:709e29.
2. ECC Committee, Subcommittees and Task Forces of the American Heart
Association. 2005 American Heart Association guidelines for cardiopul-
monary resuscitation and emergency cardiovascular care. Circulation
2005;112:IV1e203.
3. Berg RA, Hemphill R, Abella BS, Aufderheide TP, Cave DM,
Hazinski MF, et al. Part 5. Adult basic life support: 2010 American Heart
Association guidelines for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation 2010;122:S685e705.
4. Sugerman NT, Herzberg D, Leary M, Weidman EK, Harzberg DL, Vanden
Hoek TL, et al. Rescuer fatigue during actual in-hospital cardiopulmonary
resuscitation with audiovisual feedback: a prospective multicenter study.
Resuscitation 2009;80:981e4.
5. Wik L, Kramer-Johansen J, Myklebust H, Sørebø H, Svensson L,
Fellows B, et al. Quality of cardiopulmonary resuscitation during out-of-
hospital cardiac arrest. JAMA 2005;293:299e304.
6. Wik L. Automatic and manual mechanical external chest compression
devices for cardiopulmonary resuscitation. Resuscitation 2000;47:
7e25.
7. Steen S, Sjo¨berg T, Olsson P, Young M. Treatment of out-of-hospital
cardiac arrest with LUCUS, a new device for automatic mechanical
compression and active decompression resuscitation. Resuscitation
2005;67:25e30.
8. Dickinson ET, Verdile VP, Schneider RM, Salluzzo RF. Effectiveness
of mechanical versus manual chest compressions in out-of-hospital
cardiac arrest resuscitation: a pilot study. Am J Emerg Med 1998;16:
289e92.
9. Sunde K, Wik L, Steen PA. Quality of mechanical, manual standard and
active compression-decompression CPR on the arrest site and during
transport in a manikin model. Resuscitation 1997;34:235e42.
10. Iwami T, Nichol G, Hiraide A, Hayashi Y, Nishiuchi T, Kajino K, et al.
Continuous improvements in “chain of survival” increased survival after
out-of-hospital cardiac arrests: a large-scale population-based study. Cir-
culation 2009;119:728e34.
11. Wang HC, Chiang WC, Chen SY, Ke YL, Chi CL, Yang CW, et al. Video-
recording and time-motion analyses of manual versus mechanical
163I-H. Lee et al. / Journal of the Chinese Medical Association 76 (2013) 158e163cardiopulmonary resuscitation during ambulance transport. Resuscitation
2007;74:453e60.
12. Ewy GA, Zuercher M, Hilwig RW, Sanders AB, Berg RA, Otto CW, et al.
Improved neurological outcome with continuous chest compressions com-
pared with 30:2 compressions-to-ventilations cardiopulmonary resuscita-
tion in a realistic swine model of out-of-hospital cardiac arrest. Circulation
2007;116:2525e30.
13. Ramaraj R, Ewy GA. Rationale for continuous chest compression car-
diopulmonary resuscitation. Heart 2009;95:1978e82.
14. WangS,LiC, JiX,YangL,SuZ,WuJ.Effect of continuous compressions and
30:2 cardiopulmonary resuscitation on global ventilation/perfusion values
during resuscitation in a porcine model. Crit Care Med 2010;38:2024e30.
15. Hu¨pfl M, Selig HF, Nagele P. Chest compression-only CPR: a meta-
analysis. Lancet 2010;376:1552e7.
16. Lu TC, Chen YT, Ko PC, Lin CH, Shih FY, Yen ZS, et al. The demand for
prehospital advanced life support and the appropriateness of dispatch in
Taipei. Resuscitation 2006;71:171e9.
17. Ma MH, Lu TC, Ng JC, Lin CH, Chiang WC, Ko PC, et al. Evaluation of
emergency medical dispatch in out-of-hospital cardiac arrest in Taipei.
Resuscitation 2007;73:236e45.
18. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac
arrest and cardiopulmonary resuscitation outcome reports: update and
simplification of the Utstein templates for resuscitation registries. Circu-
lation 2004;110:3385e97.
19. SOS-KANTO study group. Cardiopulmonary resuscitation by bystanders
with chest compression only (SOS-KANTO): an observational study.
Lancet 2007;369:920e6.20. Ewy GA. Cardiocerebral resuscitation: the new cardiopulmonary resus-
citation. Circulation 2005;111:2134e42.
21. Axelsson C, Nesting J, Svensson L, Axelsson AB, Herlitz J. Clinical
consequences of the introduction of mechanical chest compression in the
EMS system for treatment of our-of-hospital cardiac arrest-a pilot study.
Resuscitation 2006;71:47e55.
22. Hallstrom A, Rea TD, Sayre MR, Christenson J, Anton AR,
Mosesso Jr VN, et al. Manual chest compression vs use of an automated
chest compression device during resuscitation following out-of-hospital
cardiac arrest: a randomized trial. JAMA 2006;295:2620e8.
23. Ong ME, Ornato JP, Edwards DP, Dhindsa HS, Best AM, Ines CS, et al.
Use of an automated, load-distributing band chest compression device for
out-of-hospital cardiac arrest resuscitation. JAMA 2006;295:2629e37.
24. Bobrow BJ, Spaite DW, Berg RA, Stolz U, Sanders AB, Kern KB, et al.
Chest compression-only CPR by lay rescuers and survival from out-of-
hospital cardiac arrest. JAMA 2010;304:1447e54.
25. Huseyin TS, Matthews AJ, Wills P, O’Neill VM. Improving the effec-
tiveness of continuous closed chest compressions: an exploratory study.
Resuscitation 2002;54:57e62.
26. Ong ME, Annathurai A, Shahidah A, Leong BS, Ong VY, Tiah L, et al.
Cardiopulmonary resuscitation interruptions with use of a load-
distributing band device during emergency department cardiac arrest.
Ann Emerg Med 2010;56:233e41.
27. Bigham BL, Koprowicz K, Aufderheide TP, Davis DP, Donn S, Powell J,
et al. Delayed prehospital implementation of the 2005 American Heart
Association guidelines for cardiopulmonary resuscitation and emergency
cardiac care. Prehosp Emerg Care 2010;14:355e60.
